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Background
Diet and physical activity are the key to the treatment of dyslipidemia and prevention of cardiovascular disease, whether used alone or in combination with drug therapy [1, 2] . Therapeutic lifestyle changes confer large and usually more than additive benefits in terms of risk reduction [2, 3] .
Much has been learned during the past two decades about successful modification of diet and lifestyle parameters, using behavioural science [4] [5] [6] [7] . For example, the Prochaska and DiClementi [8] ''stages of change'' model postulates that both cessation of high-risk behaviours and the acquisition of healthy behaviours involve progres-sion through five stages of change: pre-contemplation, contemplation, preparation, action and maintenance [9] . This transtheoretical model has been shown to generalize across a broad range of problem behaviours (including diet, exercise and weight control) [10] [11] [12] . The stage of change was conceived to help or guide planned change efforts. This study was designed to estimate the feasibility of the estimation of stage of change in ambulatory hypercholesterolemic patients and to compare three motivation strategies adapted to the patient baseline stage of change.
Adding ezetimibe to ongoing statin therapy leads to substantial additional reduction in LDL cholesterol levels [13] . Ezetimibe was found to be safe and well tolerated in clinical trials. Post marketing studies allow a better assessment of drug safety in clinical practice. This post-marketing trial therefore provided an opportunity to confirm the safety and efficacy of ezetimibe treatment in co-administration with a statin in routine clinical practice.
Methods

Patients
Patients with primary hypercholesterolemia and lowdensity lipoprotein (LDL-C) greater or equal to 3 mmol/L (115 mg/dL) currently treated with a statin for at least 3 months and between the ages of 18 and 80 were enrolled. Patients were at high cardiovascular risk: secondary prevention (established cardiovascular organ damage or disease) or in primary prevention with one or more cardiovascular risk factors (diabetes mellitus, sustained arterial hypertension, current smoker, man aged 45 or older, menopause or woman aged 55 or older, family history of premature sudden death or myocardial infarction) other than hypercholesterolemia [2] . A family history of premature event was defined as a sudden death or myocardial infarction in a first degree male relative man before 55 or first degree female relative before 65 [2] . Before starting intervention, it was checked that TG level was below 4.52 mmol/L (400 mg/dL), liver transaminases (ALT, AST) less or equal to 2-fold the ULN, CK less or equal to 2-fold ULN and creatinin clearance (Cockroft formula) higher than 30 
Study design
This is an open, cluster-randomised, 3-parallel group trial comparing three counselling strategies on lifestyle changes. Cluster randomisation was used, i.e. the physician was chosen as the unit of randomisation, in an attempt to limit treatment contamination. Physicians were randomised in a 1:1:1 ratio before systematic screening and recruitment between [14, 15] :
• motivation on diet (Group 1); • motivation on physical activity (Group 2); • both (Group 3).
The trial was approved by the ethic committee and all subjects gave written informed consent before participating. The ClinicalTrials.gov identifier of the trial is NCT00328523.
Intervention
Evaluation of patient stage of change
In all patients, Prochaska stage of change and physical activity were estimated before the start of intervention and at the end of intervention, using a self-administered questionnaire. French translation of validated questionnaires were used. The five stages of change were defined for dietary fat reduction and for a Mediterranean nutrition pattern, with respect to two aspects of a Mediterranean diet: consumption of fish and vegetables. These stages of change reflect participants' readiness to reduce their dietary fat intake and to adopt a Mediterranean diet [6, 7] . The five stages of change were defined for physical exercise using four questions [11, 12] .
Patient counselling
Patients received a leaflet corresponding to their Prochaska stage of change. The leaflet summarizes counselling given to the patient according to the randomisation group of the physician (counselling based on diet, physical activity or both). The patient leaflets for the various types of Prochaska stage and type of counselling (diet, or physical activity or both) are available online at www.cncardio.org/news00010d08.asp.
Counselling was based on the Second Joint Task Force of European and other Societies on Coronary Prevention [16] . A Mediterranean diet was recommended in this trial as well as the recommendation to reduce fat intake, in order to have a low cholesterol diet. Patients were instructed to eat two or more servings of fruit per day, vegetables once per day at least and to replace red meat by fish twice per week [7, 17, 18] . Patients were also instructed to reduce butter, cream and cheese consumption [2] . As far as physical activity was concerned, patients were professionally encouraged and supported to increase their physical activity safely to a level associated with the lowest risk of cardiovascular disease. Aerobic exercise (e.g. walking, swimming or bicycling) for 20 min. three times a week was recommended. Physicians emphasized the importance of physical activity in giving the patient a sense of well-being. For the elderly or poorly conditioned or, people in the pre-contemplation, contemplation or preparation stages of change, any amount of physical activity was recommended such as strolling or gardening with emphasis on the possible benefit.
Physicians were not prevented from giving any other oral counselling on lifestyle changes that they thought might be useful for the patient.
Ezetimibe therapy
Ezetimibe therapy was not part of randomisation and all patients received ezetimibe in addition to the statin they already received. The statin dose was kept unchanged. Fig. 1 summarizes the study design. At the end of a run-in period of 1-2 weeks and after counseling have been given, all patients were instructed to take ezetimibe 10 mg once daily in the evening on top of the dose of statin they already received.
Flow of the study
Lipid and safety parameters were assessed after 6 to 10 weeks of ezetimibe treatment, in a core laboratory [19] . At the third and last visit in the trial, performed one week after blood sampling, all patients were asked to complete the same self-administered questionnaire in order to estimate physical activity and the stages of change for physical exercise, dietary fat reduction and Mediterranean diet. Information on events and compliance with drug treatment were also recorded.
Statistical analysis
The primary efficacy criterion was the percentage of patients with total plasma cholesterol (TC) less than 5 mmol/L (190 mg/dL) and LDL-C above 3 mmol/L (115 mg/dL) at the end of the trial, 6 to 10 weeks after the start of intervention [1] . The secondary efficacy criteria were:
• the percentage changes in LDL-C, HDL-C and TG from randomization to endpoint after 6-10 weeks of ezetimibe treatment; • the percentage of patients with LDL-C less than 2.58 mmol/L (100 mg/dL) at the end of the trial; • the percentage of patients with estimation of stage of change; • the percentage of patients in a pre-action stage of change (precontemplation or contemplation or preparation stage of change) at baseline having moved to an action stage of change at end of trial.
Safety and tolerability of treatment were secondary criteria.
It was estimated that at most 70% of the patients would achieve target lipid level and that each physician would include three patients [20] . In a conventional randomised trial, without cluster design, 996 patients in every treatment group enabled detection of a difference between two treatment groups of 6% at least, with 80% power, at the 5% significance level [21] . For a cluster-randomised trial, using an intracluster correlation factor of 0.019, the standard sample estimates had to be inflated by a factor of 1.038 [14, 22, 23] . Therefore, a total of 3102 patients had to be enrolled by 1034 physicians.
The unit of analysis is the patient [14] . Categorical parameters were compared between the three therapeutic strategies using a chi-square adjusted for intracluster correlation, followed by logistic GEE using a model including terms for treatment, baseline LDL-C, age, gender, baseline stage of change and statistically significant interaction terms [14, 24] . Percentage change data were expressed as mean or median percentage change (95% CI). Percentage change of LDL-C and other lipid parameters were compared between the three therapeutic strategies using a mixed model REML, with intervention arm and covariates as fixed effects and cluster as random effect [25, 26] . Adjustment was done on baseline LDL-C, age, gender, and baseline stage of change. Interaction terms were tested. Intracluster correlation coefficients were estimated from the data. Percentage of patients in a pre-action stage at baseline having improved their stage of change by at least one level at the end of the trial was compared between randomisation groups. However, in order to avoid problems related to multiplicity only evolution of Prochaska stages of change for fat consumption and physical activity were statistically compared and descriptive statistics were used for other Prochaska stages of change: fish and vegetable consumptions. Statistical analysis was based on Intent to Treat, including all patients having received one dose of ezetimibe at least and with one determination of LDL-C before and after start of ezetimibe. All patients having received one dose of ezetimibe at least were included in the safety analysis.
Statistical analysis was conducted using SAS ® software Version 8.2 (SAS Institute, Inc., Cary, NC).
Results
Out of 1059 randomised physicians (978 cardiologists and 81 general practitioners [GP]) 506 physicians (438 cardiologists and 68 GP) selected 2232 patients between June 2004 and December 2005. Enrollment, being much lower than anticipated, was stopped after 2232 patients were enrolled by 428 physicians. Of the 2232 patients, 1496 (67%) had received at least one dose of ezetimibe; 1411 (94%) patients were included in the efficacy analysis: 493 patients in Group 1, 490 patients in Group 2 and 428 patients in Group 3.
Patient characteristics
Baseline demographics, medical history and lipid levels were similar between treatment groups (Table 1) . Approximately one-third of the patients had a known history of myocardial infarction, and approximately half were treated for hypertension. At baseline, LDL-C was 3.9 ± 0.9 mmol/L (151 ± 35 mg/dL) and total cholesterol was 6.1 ± 1.1 mmol/L (234 ± 39 mg/dL).
Among statins used at baseline, pravastatin was the most commonly used (n = 475 [34%]), followed by atorvastatin (n = 401 [29%]), rosuvastatin (n = 188 [13%]), simvastatin (n = 185 [13%]), and fluvastatin (n = 153 [11%]). The median daily statin dose was 10 mg for rosuvastatin, 20 mg for atorvastatin, pravastatin and simvastatin and 80 mg for fluvastatin.
In general, the three motivation groups were well balanced regarding Prochaska stages of change. At baseline, compliance with dietary guidelines was more frequent than compliance with physical activity guidelines: nearly 60% of the patient reported restriction in fat diet for more than 6 months when only approximately 45% of the patient reported exercising three times or more per week during at least 20 min. for more than 6 months.
After the initial blood sampling and before the start of intervention, irrespective of the motivation randomisation group, most of the patients were motivated on diet and physical exercise. In fact, more than three quarters of the physicians gave oral counselling on lifestyle change not given by randomisation group in addition to the leaflet of their randomisation group (Table 2) .
Improvement in stage of change in patients in a pre-action stage at baseline
At the end of the trial, most of the patients in a pre-action stage of change at baseline had improved their Prochaska (15) Total-C (mmol/L) 6.1 (1.1) 6.0 (1.1) 6.0 (0.9) LDL-C (mmol/L) 3.9 (0.9 stage of change by at least one level whatever the lifestyle parameter ( Fig. 2) . Among the 593 patients who were in a pre-action stage of change for physical activity at baseline, 300 (50.6%) patients had improved their stage of change by at least one stage by the end of the trial and most of them had started to exercise at least three times per week for 20 min. This proportion was evenly distributed across physician randomization groups (p = 0.21). On the other hand, 142/216 (65.7%) patients with no restriction in fat diet at baseline had improved their stage of change by at least one stage at end of trial (Fig. 2) . Patients of Group 2 in a pre-action stage of change for fat consumption at baseline were less likely to have started decreasing fat consumption at end of trial than in the two other randomisation groups (Fig. 2 , p < 0.001 between groups).
Lipid data at end of trial
The mean duration of ezetimibe treatment was 72 ± 16 days. Overall, 869 (62%) patients achieved target lipid goals (defined as LDL less than 3 mmol/L [115 mg/dL] and total cholesterol less than 5 mmol/L [190 mg/dL]) (95% confidence interval [59%-64%]). No significant difference was shown between groups (p = 0.34 with no adjustment except on cluster, p = 0.50 after adjustment on all covariates) ( Fig. 3 ). In 725 (51%) patients, LDL-C was below 2.58 mmol/L (100 mg/dL) at the end of trial.
The mean effect on LDL-C lowering efficacy was 30.4 ± 19.3% overall and was similar across randomization groups (p = 0.82 with no adjustment except on cluster, p = 0.59 between groups after adjustment on all covariates) (Fig. 4 ). No significant difference was found between randomisation groups for any of the lipid parameters ( Fig. 4) . Mean HDL-C did not change and TG slightly decreased (−7.5 ± 35.6%) in all motivation randomisation groups (p = 0.66 between groups with no adjustment except on cluster, p = 0.62 after adjustment on all covariates).
Safety and tolerability of ezetimibe
Elevations in CK ≥ 5 × ULN were observed in one patient at baseline and in two (0.1%) patients after start of ezetimibe. Transaminases ≥ 3 × ULN were observed in four (0.3%) patients at baseline and in one (0.1%) patient on statin and ezetimibe. No rhabdomyolysis (defined as reported by the investigator or CK ≥ 5 × ULN with clinical symptoms or CK ≥ 10 × ULN with or without clinical symptoms) was reported. Myalgia or cramps were recorded in 38 (3%) patients on statin and ezetimibe. Treatment was stopped because of side effects in 50 (3%) patients. 
Discussion
This trial is the first to compare patient counselling strategies in patients at risk of cardiovascular disease using the Prochaska transtheorical model. It seems easier to make a patient decrease his/her fat consumption than to start or increase physical exercise. In TWICE, compliance with diet guidelines was more often reported at baseline than compliance with physical exercise recommendations and with intervention, stage of change for fat consumption was more likely to improve than stage of change of physical exercise in pre-action patients. This is as odds with a previous study performed in the United States which reported that physical activity was more improved than fat consumption [27] . Country habits might explain this discrepancy.
Within the TWICE study, ezetimibe and lifestyle changes were very effective in achieving LDL targets in highrisk patients with persistently elevated cholesterol levels despite statin monotherapy. LDL-C through the use of statins has been shown to be an extremely effective method for lowering cardiovascular risk [28] . Within the TWICE study, if the administered statin dose was often lower than the standard statin dose, the 30% LDL-C reduction observed in the present study is more important than what might have been expected after doubling the statin dose and slightly more than the 25-26% expected after addition of ezetimibe in the context of clinical trials [13, [29] [30] [31] . In another study in 256 patients, treated by statin for at least four weeks, addition of ezetimibe led to a more than 35% LDL-C reduction, however, statin doses were lower than in the present trial [32] .
Although the interpretation is limited by intergroup crossover by physicians, a smaller than anticipated trial size and by the absence of a true control group managed conventionnally without structured counselling, the almost identical lipid changes observed in the three groups suggest that all motivation strategies have similar and possibly limited short term efficacy on lipids. This is consistent with other published studies [33] [34] [35] . In TWICE, counselling was given only once and it cannot be ruled out that repetition of counselling over a longer duration would have impacted more lipid outcomes. Furthermore, long-term changes in lifestyle, including physical exercise and diets high in fruits, vegetables, whole grains, and unsaturated fatty acids are expected to decrease cardiovascular risk per se independently of their effect on conventional risk factors [2] .
According to the European guidelines on cardiovascular prevention, moving forward in small consecutive steps is one key to successful long-term change in behaviour [36] . However, results of the present study suggest that counselling on diet and physical activity can be given simultaneously as recommended by the French recommendations on treatment of dyslipidemia updated in 2005 [37] . It is noteworthy that TWICE was started before the release of those recommendations and was based on the European and American guidelines [1, 2, 16] .
We cannot rule out that compliance to lipid-lowering medications also increased with intervention. It is estimated that 60% of individuals prescribed lipid-lowering medications are non adherent and motivation based on the Prochaska transtheorical model improves adherence [27, 38] .
In this high-risk population, controlling cholesterol levels is of particular importance and the dramatic LDL-C reduction allows 62% of patients not controlled by statin monotherapy to reach the therapeutic goal. In addition, 51% of the patients had a LDL-C below 2.58 mmol/L (100 mg/dL) at trial end, a level which has been suggested to be an appropriate target for most of the patients at high-cardiovascular risk, according to the updated American and European guidelines; the last ones being made available after the start of TWICE [36, 39] .
Despite a greater reduction in LDL-C, the percentage of patients at goal in the TWICE study is slightly lower than in an American community-based, double-blind randomized trial of ezetimibe added to statin therapy [13] . However, baseline LDL-C levels (3.2 mmol/L) were lower than in the present study.
The present study confirms the good efficacy on lipid levels and short-term tolerability of ezetimibe added to lifestyle changes and statins.
Conclusions
In conclusion, in the three groups, more than 60% patients met target LDL-C levels. The marked impact (−30%) on LDL-C, although similar between the three groups, slightly exceeds usual LDL-C reductions achieved by this dose of ezetimibe. Decreasing fat consumption seems easier than increasing physical activity. TWICE study confirms the good efficacy on lipid levels and short-term tolerability ezetimibe on top of statins.
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